(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19)WorWfa SSS™°^ ntath " |||P llBllMIHiiiilBIII 

(43) International Publication Date (10) International Publication Number 

5 July 2001 (05.07.2001) pct WO 01/48969 A2 



(51) International Patent Classification 7 : H04L 5/02 

(21) International Application Number: PCT/US00/34651 



(22) International Filing Date: 

19 December 2000 (19.12.2000) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

09/474,602 29 December 1 999 (29. 1 2. 1 999) US 

(71) Applicant: ATHEROS COMMUNICATIONS, INC. 

[US/US]; 529 Almanor Avenue, Sunnyvale, CA 94085 
(US). 

(72) Inventors: MCFARLAND, William, J.; 451 Valencia 
Drive, Los Altos, CA 94022 (US). MENG, Teresa, H.; 1 19 
Campo Drive, Portola Valley, CA 94028 (US). 



(74) Agents: JAKOPIN, David, A. et al.; Pillsbury Madison 
& Sutro, LLP, 1100 New York Avenue N.W., Washington, 
DC 20005 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



; (54) Title: SCALABLE COMMUNICATION SYSTEM USING OVERLAID SIGNALS AND MULTI-CARRIER FREQUENCY 
! COMMUNICATION 




(57) Abstract: A communication system such as an OFDM 
or DMT system has nodes which are allowed to transmit con- 
tinuously on one or just a few of the system's frequency sub- 
channels, while the other nodes avoid putting any signal into 
those sub-channels. Simple low data rate nodes are allowed 
to use a small number of sub-channels while more compli- 
cated nodes use the remainder, and preferably functionality 
is provided to ensure that adjacent sub-channels are reliably 
spaced apart in frequency so that they do not bleed over into 
one another; to ensure that signals from all nodes arrive at 
the base station with well-aligned symbol transitions; and to 
ensure that signals from the various nodes arrive at the base 
station with similar power levels. 



WO 01/48969 A2 I B ■ IB ■ ■ II ■■ 111 1111 HII 111 «H 1111 



Published: For two-letter codes and other abbreviations, refer to the "Guid- 

— Without international search report and to be republished ance Notes on Codes and Abbreviations" appearing at the begin- 
upon receipt of that report. ning of each regular issue of the PCT Gazette. 



WO 01/48969 



PCT/US00/34651 



SCALABLE COMMUNICATION SYSTEM USING 
OVERLAID SIGNALS AND MULTI-CARRIER FREQUENCY COMMUNICATION 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention is directed to communication systems and networks and is particularly 
directed to such systems and networks which use multi-channel, multi-frequency protocols such as 
orthogonal frequency division multiplexing and discrete multi-tone protocols. 

2. Background of the Related Art 

Orthogonal frequency division multiplexing (OFDM) and discrete multi-tone (DMT) are two 
closely related formats which have become popular as communication protocols. Systems of this type 
take a relatively wide bandwidth communication channel and break it into many smaller frequency 
sub-channels. The narrower sub-channels are then used simultaneously to transmit data at a high rate. 
These techniques have advantages when the communication channel has multi-path or narrow band 
interference. 

The following discussion of the prior art and the invention will address OFDM systems; 
however, it will be understood that the invention is equally applicable to DMT systems (as well as 
other types of communication systems) with only minor modifications that will be readily apparent to 
those skilled in the art. 

A functional block diagram of a typical OFDM transmitter is shown in FIG. 1. Here, an 
incoming stream 10 of N symbols do, di...dN-i is mapped by a serial-to-parallel converter 20 over N 
parallel lines 30, each line corresponding to a particular subcarrier within the overall OFDM channel. 
An Inverse Fast Fourier Transform circuit 40 accepts these as frequency domain components and 
generates a set 50 of time domain subcarriers corresponding thereto. These are converted by a 
parallel-to-serial converter 60. Due to the characteristics of the inverse Fourier transform, although 
the frequency spectra of the subcarrier channels overlap, each subcarrier is orthogonal to the others. 
Thus, the frequency at which each subcarrier in the received signal is evaluated is one at which all 
other signals are zero. 

A functional block diagram of the corresponding OFDM receiver is shown in FIG. 2. Here, an 
OFDM signal is received and converted into multiple time domain signals 210 by a serial-to-parallel 
converter 220. These signals are processed by a Fast Fourier Transform processor 230 before being 
multiplexed by parallel-to-serial converter 240 to recover the original data stream 250. 

Systems such as OFDM and DMT systems either do not share the main channel with other users 
at all (e.g., when they are implemented using a telephone modem), or share the channel in time (e.g., 
when implemented in TDMA and CSMA schemes); thus, their flexibility and ease of use is limited. 
Sharing the channel in time (i.e., allowing only one user to transmit at a time) has two serious 
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disadvantages. First, to maintain high throughput, all nodes sharing the channel must operate at a 
high data rate, and therefore be equally complex; thus, no less-complicated processing circuitry which 
might otherwise be used with low data rate channels can be employed. Second, a user who actually 
desires a low data rate must send data as very short high speed bursts over the network. In order to 
overcome propagation loss in the path, such a node must transmit at a high peak power because the 
transmit power is proportional to the peak data rate. Again, economies inherent in the low data rate 
processing cannot be exploited. 

As a practical example, the IEEE 802.11a communication standard specifies transmission with 
52 sub-channel frequencies. This requires substantial signal processing; a high transmit power while 
active to achieve significant range; a large peak-to-average ratio while actively transmitting; high 
resolution ADCs and DACs; and very linear transmit and receive chains. While such complicated 
hardware allows transmission up to 50Mb/s, this level of performance is overkill for something like a 
cordless phone, which only requires roughly a 32kb/s transmission rate. 

In connection with the peak-to-average ratio, note that for 52 sub-channels, while transmitting 
the peak-to-average ratio of the signal is 52 2 /52 = 52 in power. Therefore, to avoid distortion of the 
signal, the power amplifier must be substantial enough to provide far more instantaneous power than 
is required on average. Since the peak-to-average ratio is directly proportional to the number of sub- 
channels, building a lower capacity unit that uses fewer carriers can substantially decrease the costs of 
such a device. 

SUMMARY OF THE INVENTION 

This invention has been made in view of the above shortcomings of the prior art, and an object of 
the invention is to provide a system which implements multi-frequency communication but allows 
channel sharing between users in a way that would allow simple nodes such as a 32 kb/s cordless 
phone to transmit continuously at a low rate while other high speed nodes such as 20 Mb/s video 
streams communicate at a much higher data rate simultaneously. 

It is another object of the invention to provide such a system in which nodes of three or more 
data rate requirements can simultaneously be used within the system. 

It is a further object of the invention to provide such a system in which node communication 
frequencies can be reliably controlled so that they do not cause communication errors. 

It is yet another object of the invention to provide such a system in which node communication 
timings can be reliably controlled so that they do not cause communication errors. 

It is still another object of the invention to provide such a system in which node transmission 
powers can be reliably controlled so that they do not cause communication errors. 

At least some of the above objects are achieved according to a first aspect of the invention by 
providing a communication system such as an OFDM or DMT system in which the simple nodes are 
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allowed to transmit continuously on one or just a few of the frequency sub-channels, while the other 
nodes avoid putting any signal into those sub-channels. 

According to a second aspect of the invention, simple low data rate nodes are allowed to use a 
small number of sub-channels while the more complicated nodes use the remainder, and additional 
means are used to ensure that adjacent sub-channels are reliably spaced apart in frequency so that they 
do not bleed over into one another. This may be done by, e.g., using highly accurate frequency refe- 
rences (such as quartz crystals) in each node; locking the frequency used by each node to a highly 
accurate external reference such as a Global Positioning System (GPS) satellite; locking the frequency 
used by each node to the transmit frequency of the base station; and adjusting the frequency used by 
each node according to closed-loop feedback signals sent by the base station. 

In a third aspect of the invention, simple low data rate nodes are allowed to use the few sub- 
channels while leaving the rest to high data rate nodes, and additional means are provided to ensure 
that signals from all nodes arrive at the base station with well-aligned symbol transitions. This may 
be done by, e.g., adjusting the transmission of packets at the nodes according to a highly accurate 
external time reference such as the GPS satellite mentioned above; adjusting the transmission of 
packets at the nodes according to closed-loop feedback signals sent by the base station; and simply 
relying on the nodes' close proximity or nearly equal distance to the base station to ensure there is not 
a significant amount of delay in their transmitted signals. 

According to a fourth aspect of the invention, the sub-channels are shared between low data rate 
nodes and high data rate nodes as described above, and means are provided to ensure that signals from 
the various nodes arrive at the base station with similar power levels. This may be done by 
implementing a closed-loop power control scheme in which the strength of each signal is adjusted at 
the node according to feedback signals sent to it by the base station, or by implementing an open-loop 
power control scheme in which the strength of each signal is adjusted at the node according to the 
power level of the base station signal it receives. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features, and advantages of this invention are better understood by 
reading the following detailed description of the preferred embodiment, taken in conjunction with the 
accompanying drawings, in which: 

FIG. 1 is a block diagram of an OFDM transmitter according to the prior art; 

FIG. 2 is a functional block diagram of an OFDM receiver according to the prior art; 

FIG. 3 is a diagram of node transmission according to a preferred embodiment of the invention; 

FIG. 4 is a diagram of base station transmission according to a preferred embodiment of the 
invention; and 

FIG. 5 is a diagram of channel switching techniques in the preferred embodiment. 
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DET AILED DESCRIPTION OF PRESENTLY PREFERRED EXEMPLARY EMBODIMENTS 

FIG. 3 shows a diagram in which a cordless phone 100, an organizer 200, and a laptop computer 
300 are simultaneously communicating with a base station in a first preferred embodiment of the 
invention. Here, the cordless phone 1 00 receives or generates a data stream 1 1 0 representative of, 
5 e.g., 32 kb/s audio information. This data is encoded by a relatively simple quadrature phase shift 
keying (QPSK) encoder 120 and processed by filtering and modulation circuitry 130 as is known in 
the art. Due to the low data rate of the phone 100, the QPSK encoder 120 can be used in place of a 
more complicated IFFT processor as is conventionally used in OFDM systems. Further, use of the 
QPSK encoder 120 permits elimination of the digital to analog converters (DACs) normally used to 

10 render the IFFT product in an analog form suitable for filtering and transmission. 

The organizer 200, on the other hand, is a device requiring a moderate data communication rate 
and, although it requires more complicated circuitry than the cordless phone 100, can still make use of 
simpler hardware than prior art OFDM nodes. Specifically, the organizer receives a few, e.g., two, 
250 kb/s data streams 210 and processes them through a 2x2 complex IFFT processor and parallel-to- 

15 serial converter 220 (performing the IFFT transform and multiplexing). The processed signals are 
then converted into analog form by a pair of 4-bit digital-to-analog converters 240 (relatively low 
resolution DACs may be used due to the need to process only a small number of sub-channels) and 
then filtered and transmitted by circuitry 230 as known in the art. 

The laptop 300 is typically the most complicated device of the three and therefore has the highest 

20 data rate requirements. It receives a set of, e.g., 61 250 kb/s data streams 310 (as well as three zeroed 
streams 3 1 5 to hold the place for the channels of the other two devices) and processes them in a 64x64 
complex IFFT processor and parallel-to-serial converter 320. Similar to the organizer 200, the result 
is converted into analog form by dual DACs 340 (note that DACs having 10-bit resolution are 
required in the laptop 300) and filtered and transmitted in circuitry 330 as is known in the art. 

25 Transmissions from each of the nodes are received by a base station 400, processed by 

demodulation and filtering circuitry 430, and converted into digital form by dual 10-bit analog-to- 
digital converters 440 as known in the art. The result is demultiplexed and processed in a fast Fourier 
transform processor 420 before being output to subsequent circuitry as a set of data streams 410. 
Depending on the application, the data streams 410 can be further processed as will be readily 

30 apparent to those skilled in the art. Further, the data streams 410 can be used by a channel allocation 
and coding unit 450 which monitors reception quality, bit errors rates and the like of the data streams 
410 for use in making channel allocation and coding decisions as will be described in greater detail 
below. When the unit 450 determines that nodes should change channels, it issues the appropriate 
command as a data packet which is included in the transmission of base station 400. 

35 As can be seen above, this embodiment of the present invention permits multiple node devices 

100-300 of varying levels of complexity to communicate with a base station 400 over a single OFDM 
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system by allowing the simpler devices 100 and 200 to communicate on a few sub-channels 315 
within the OFDM channel, and ensuring that these do not interfere with the most complex device 300 
using most of the sub-channels 310 by preventing device 300 from using these sub-channels 315 (in 
this case, by zeroing those sub-channels 315 at the FFT 420 in the main device 300; however, other 
equivalent methods can of course be used). Further, the sub-channels 315 may be predetermined, or 
the simpler nodes 100 and 200 can communicate on any subset of channels by changing the tuning of 
their up-converting synthesizers, or by doing a numerical frequency offsetting in the digital domain, 
although a digital-to-analog converter might be needed in that case. 

In this way, the circuitry for the simpler nodes, e.g., the cordless phone 100, can be simplified 
relative to that in the laptop 300 because lower resolution is required in the phone DAC (or no phone 
DAC at all is required); less digital computation is necessary in the phone 100 due to its lower data 
communication rate; and a lower peak to average ratio is required in the cordless phone transmitter 
(since fewer sub-channels are used simultaneously). 

FIG. 4 shows the situation when the base station 400 is transmitting and the other nodes 100-300 
are receiving. Here, components within each node 100-300 and the base station 400 relevant to this 
operation are illustrated. That is, the base station 400 receives a set of data streams 410' to be 
variously transmitted to the cordless phone 100, organizer 200 and laptop 300 and processes them in a 
64x64 complex iFFT processor and multiplexer 420' to produce dual digital data streams which are 
converted into analog form by a pair of digital-to-analog converters 440' and then filtered and 
transmitted by circuitry 430' as is known in the art. 

Transmissions from base station 400 are received by cordless phone 100 by receiving circuitry 
130' and converted to digital form by dual three-bit analog-to-digital converters 140' (although 
corresponding DACs were omitted in the transmitting node of FIG. 3, ADCs are preferably used in 
the receiving node due to noise in the received base station signal). The output of the analog-to- 
digital converters 140' is sent to a QPSK decoder 120' which outputs a 32 kb/s data stream 
correspond to its counterpart in the base station data stream set 410'. 

In organizer 200, transmissions from the base station 400 are received, processed by receiving 
circuitry 230' and supplied to a pair of five -bit analog-to-digital converters 240' (similar to the node 
100, five-bit ADCs are preferably used here rather than the four-bit DACs in the version of FIG. 3 due 
to noise in the received base station signal). The converters' output is supplied to a 2x2 complex FFT 
and demultiplexer 220' which generates two 250 kb/s data streams 210' corresponding to their 
counterparts in the base station data stream set 410'. 

Finally, the laptop 300 receives base station transmissions and processes them with receiving 
circuitry 330'. The results are converted into digital form by dual analog-to-digital converters 340' 
and applied to a 64x64 complex FFT and demultiplexer 320' which outputs the 61 data streams 310' 
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corresponding to the laptop channels in base station data stream set 410', while leaving the streams 
corresponding to the cordless phone 100 and organizer 200 at zero. 

Channel allocation and coding unit 350' in the laptop 300 monitors the data streams 310' for bit 
errors, lost packets and the like much like its counterpart 450 in the base station 400; however, rather 
5 than unilaterally making channel allocation changes to improve communication like the unit 450, the 
unit 350' can cause the laptop 300 to send requests to the base station 400 to change or reallocate 
channels. Depending on constraints imposed by other nodes, the base station 400 may or may not 
accept the recommendation and transmit the appropriate command. 

Thus, the cordless phone 100 (and, to a lesser degree, the organizer 200) is much simpler than a 

10 full blown DMT/OFDM unit as represented by the laptop 300. The cordless phone 100 has less 
resolution required in its ADC 140' (and no DAC is required); less digital computation conducted in 
its QPSK encoder 120 and decoder 120' compared to the iFFT processor and multiplexer 320 used in 
the laptop 300; and lower linearity requirements in the receive chain. 

The assignment of sub-channels to various users can be simple, or can be quite sophisticated to 

1 5 optimize performance of the complete system. For example, a node may use a single or small subset 
of sub-channels as shown by nodes a and b in FIG. 5, which respectively occupy sub-channels 2 and 5 
in a hypothetical nine-channel system. 

Such an arrangement might run into problems from interference, or the cancellation of a small 
range of frequencies due to multi-path propagation effects (narrow fading) which are detected by the 

20 channel allocation and channel coding section 450 by monitoring the quality of the data streams 410. 
To prevent this, the subset of channels assigned to this node might be spaced out across the entire 
range of sub-channels available within the band. For example, four of 48 sub-channels might be used, 
spaced evenly across the band by using sub-channels 1, 13, 25, and 37. Thus narrow band interfe- 
rence or fading might eliminate one of the four sub-channels within the signal, but the other three 

25 would remain. Given sufficient coding to overcome the loss of one of the four sub-channels, the 
message would get through. This technique is illustrated in FIG. 5, in which node c uses sub-channels 
1,6 and 9. 

Another way to provide similar robustness would be to "hop" the sub-channels in use over time. 
This approach would work even for the case in which only one sub-channel is used at a time. For 

30 example, the node could transmit on sub-channel 1 in the first time period, then switch to channel 13 
in the next period. Packets lost when the node is on a frequency that has interference or fading could 
be retransmitted after the next "hop." Several such hopping nodes could be supported at the same 
time, hopping between the same set of sub-channels in a sequential basis. In FIG. 5, this technique is 
illustrated by nodes d and e in FIG. 5 -node d sequentially uses sub-channels 3, 4, 7 and 8, while node 

35 e consecutively uses sub-channels 4, 7, 8 and 3. 



WO 01/48969 PCT/US00/34651 

-7- 

A similar arrangement could be used for nodes that use multiple sub-channels simultaneously, 
hopping them all in contiguous blocks, or spreading them out as described above and hopping the 
entire spread of sub-channels from one channel set to another over time. This is illustrated in FIG. 5 
by channel f, which sequentially uses sub-channels 7 and 8, then sub-channels 3 and 8, then sub- 
channels 3 and 4, and finally sub-channels 4 and 7. 

Even more sophisticated methods could be applied. Narrow band fading and interference are 
likely to affect different nodes within a network differently due to the various nodes' locations. Thus 
a given sub-channel may work poorly for some of the nodes, but it might work well for other nodes. 
The sub-channels could therefore be intelligently allocated, swapping the assignments between nodes 
until all nodes are satisfied. 

Other adjustments might be made to accommodate the needs of individual nodes in the network. 
For example, nodes that are a long distance from the base station or other nodes in the network might 
be allocated more channels for a given required data rate. Generally, it is easier to send a given data 
rate in a wider bandwidth than to fit the same data rate into a narrow bandwidth. For example, a node 
at the edge of range might be given four sub-channels instead of just one so that it can transmit using 
a QPSK (4-QAM constellation) rather than a 64-QAM constellation. This would significantly reduce 
the required signal to noise ratio to get the message through, thereby increasing the range to this node. 

Similarly, the total transmit power emanating from a base station could be allocated unequally 
among the sub-channels, allowing more power to be spent on the nodes which are farther away, or 
nodes that are trying to fit a large amount of data through a narrow sub-channel. Additionally, similar 
to the nodes which provide zero magnitude data for sub-channels which are in use by other nodes to 
avoid transmitting signals on the corresponding frequencies, the base station may use zero magnitude 
data for sub-channels which are not used by any node, thereby saving power and reducing the base 
station transmitter's peak-to-average ratio. 

Frequency Control 

While the first preferred embodiment of the invention provides such advantages in comparison 
with the prior art, certain aspects of the invention may be even further improved. For example, in 
order for base station 400 to properly receive all of the signals simultaneously, the separate 
transmitting nodes must transmit their signals with very well matched sub-channel frequencies. In an 
OFDM system based on the IEEE 802.11 standard, for example, the sub-channels must be spaced 
apart by ~300kHz. Thus, on a 5 GHz carrier, an inaccuracy of 60 parts per million would cause a sub- 
channel to be transmitted into the adjacent sub-channel, making it impossible to receive either signal. 

To reduce this possibility, several techniques are available. For example, the system may use 
very accurate reference frequency crystals to insure that the frequency accuracy of transmissions is 
much better than 60 ppm. Alternatively, the system may ensure that each of the nodes 100 - 300 
maintains its frequency using a GPS receiver that receives a very accurate frequency reference from a 
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GPS satellite and locks transmissions to that reference frequency. The base station 400, too, may lock 
its transmission frequency to that of the GPS satellite. 

Frequency control in the system also may be accomplished by locking all the transmission 
frequencies in the nodes 100 - 300 to the frequencies transmitted by the base station 400. 
Alternatively, frequency control may be implemented by allowing the base station 400 to feed back 
information to the node in the form of a command signal, adjusting the transmit frequency in a closed 
loop fashion. 

Timing Control 

In addition to the above-described frequency considerations, a second area of concern is that in 
order to efficiently process all the received signals in the same FFT-based receiver in base station 400, 
all signals must arrive at the base station 400 with fairly well-aligned symbol transitions. Specifically, 
all signals from nodes 100 - 300 must arrive time-aligned within the guard time allocated for multi- 
path echoes in the environment. In typical indoor environments, this is ~100ns. 

Symbol transition alignment can be implemented using techniques akin to those described above 
for establishing strict frequency control. For example, a GPS unit may be used to give each node 100 
- 300 (as well as base station 400) a very accurate absolute time reference. This time information is 
then used in each node 100 - 300 to adjust the time of transmitting a data packet therefrom such that it 
arrives at the base station 400 well time-aligned relative to all the other signals. 

The system also may implement timing control by causing the base station 400 to send 
commands adjusting packet transmit timing to each of the nodes 100 - 300 and the nodes 100 - 300 
adjust their timing in a closed-loop fashion. Alternatively, when the system is intended to operate over 
relatively short ranges, nodes 100 - 300 may get their timing entirely from the arrival of signals from 
the base station 400 , since the maximum "flight" time differences between nodes 100 - 300 will not 
be large. 

Power Control 

In a third operational consideration in the invention, all signals transmitted from nodes 100 - 300 
preferably arrive at the base station 400 with similar power levels. This is because a signal that is 
much too strong would swamp the ADCs in the base station 400, while a signal transmitted from one 
of nodes 100 - 300 that is much too weak would be lost in the noise from the other channels and not 
reliably received by the base station 400. 

Similar to the above closed-loop control techniques, the system may use the base station 400 to 
send signals to nodes 100 - 300 which indicate whether each node 100 - 300 should transmit with 
more or less power. The system may alternatively implement open-loop control by having each node 
100 - 300 adjust its power based on the power level it is receiving from the base station 400. 

It should be noted that the above difficulties do not typically occur when a single base station 
transmits to all other nodes simultaneously. Because all signals are emanating from the same source, 
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it is easy to insure that frequency sub-channels do not overlap, that all signals have their symbol 
transitions at the same time, and that the power level of all sub-channels is the same as transmitted 
and therefore as received. However, it is possible for the base station to vary its allocation of transmit 
power amongst the various nodes to enhance efficiency. 

This invention has been described above in connection with a preferred embodiment thereof; 
however, this has been done for purposes of illustration only, and the invention is not so limited. 
Indeed, variations of the invention will be readily apparent to those skilled in the art and also fall 
within the scope of the invention. 
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WHAT IS CLAIMED IS: 

1 . A communication system comprising: 

a plurality of nodes, each for transmitting simultaneously with other nodes a signal unique to that 
signal's node and representative of at least one non-overlapping sub-channel conveying information 
derived from a data stream, each at least one information-conveying non-overlapping sub-channel for 
each node being different from each information-conveying non-overlapping sub-channel for all other 
nodes; and 

a base station for simultaneously receiving the signals transmitted from each node and 
processing them to generate, for each information-conveying sub-channel, a signal representative of 
the information conveyed thereby; 

wherein at least one of the nodes is for transmitting its signal using multiple sub-channels 
simultaneously, and 

in each node, data streams corresponding to sub-channels used in other nodes are set to zero 
magnitude. 

2. A communication system comprising: 

a plurality of nodes, each for transmitting simultaneously with other nodes a signal unique to that 
signal's node and representative of at least one non-overlapping sub-channel conveying information, 
each at least one information-conveying non-overlapping sub-channel for each node being different 
from each information-conveying non-overlapping sub-channel for all other nodes; and 

a base station for simultaneously receiving the signals transmitted from each node and 
processing them to generate, for each information-conveying sub-channel, a signal representative of 
the information conveyed thereby; 

wherein sub-channels corresponding to a particular node are not adjacent and are spread out in 
frequency to avoid effects of narrow band interference and fading. 

3. A communication system comprising: 

a plurality of nodes, each for transmitting simultaneously with other nodes a signal unique to that 
signal's node and representative of at least one non-overlapping sub-channel conveying information, 
each at least one information-conveying non-overlapping sub-channel for each node being different 
from each information-conveying non-overlapping sub-channel for all other nodes; and 

a base station for simultaneously receiving the signals transmitted from each node and 
processing them to generate, for each information-conveying sub-channel, a signal representative of 
the information conveyed thereby; 

wherein at least one of the nodes is for transmitting its signal using multiple sub-channels 
simultaneously, and 
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the base station is for changing at least one sub-channel corresponding to a particular node over 

time. 

4. A communication system comprising: 

a plurality of nodes, each for transmitting simultaneously with other nodes a signal unique to that 
signal's node and representative of at least one non-overlapping sub-channel conveying information, 
each at least one information-conveying non-overlapping sub-channel for each node being different 
from each information-conveying non-overlapping sub-channel for all other nodes; and 

a base station for simultaneously receiving the signals transmitted from each node and 
processing them to generate, for each information-conveying sub-channel, a signal representative of 
the information conveyed thereby; 

wherein the base station is for optimizing mapping between nodes and sub-channels for at least 
one of each node's required range and data bandwidth needs. 

5. The system of claim 4, wherein the base station is for optimizing mapping between nodes by 
increasing sub-channel allocation to a given node so that node can transmit with a less complex 
signal. 

6. A communication system comprising: 

a plurality of nodes, each for transmitting simultaneously with other nodes a signal unique to that 
node and representative of at least one non-overlapping sub-channel conveying information, each at 
least one information-conveying non-overlapping sub-channel for each node being different from 
each information-conveying non-overlapping sub-channel for all other nodes; 

a base station for simultaneously receiving the signals transmitted from each node and 
processing them to generate, for each information-conveying sub-channel, a signal representative of 
the information conveyed thereby; and 

frequency controlling means for controlling the frequencies of signals transmitted by at least one 
node. 

7. The system of claim 6, wherein the at least one node is for setting a transmit signal frequency of 
at least one of its at least one sub-channel by observing frequencies of signals coming to it from the 
base station and locking the transmit signal frequency to that of a signal received from the base 
station. 
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8. The system of claim 6, wherein: 

the base station comprises means for generating and transmitting a command signal to the at 
least one node based on the frequency of signals from the node as received by the base station; and 

the frequency controlling means is disposed in the at least one node and is responsive to 
command signals from the base station transmitted to the at least one node. 

9. The system of claim 6, wherein the at least one node comprises means for receiving a frequency 
reference signal from a satellite and controlling the frequency of signals transmitted from the node 
according thereto. 

10. A communication system comprising: 

a plurality of nodes, each for transmitting simultaneously with other nodes a signal unique to that 
node and representative of at least one non-overlapping sub-channel conveying information, each at 
least one information-conveying non-overlapping sub-channel for each node being different from 
each information-conveying non-overlapping sub-channel for all other nodes; 

a base station for simultaneously receiving the signals transmitted from each node and 
processing them to generate, for each information-conveying sub-channel, a signal representative of 
the information conveyed thereby; and 

timing control means for controlling timing of signals sent by the at least one node; 

wherein at least one of the nodes is for transmitting its signal using multiple sub-channels 
simultaneously. 

1 1 . The system of claim 1 0, wherein the at least one node is for setting a transmit signal timing of at 
least one of its at least one sub-channel by observing timings of signals coming to it from the base 
station and locking the timing of signals transmitted from the at least one node to that of a signal 
received from the base station. 

12. The system of claim 10, wherein: 

the base station comprises means for generating and transmitting a command signal to the at 
least one node based on the timing of signals from the at least one node as received by the base 
station; and 

the timing control means is disposed in the at least one node and is responsive to command 
signals from the base station transmitted to the at least one node. 
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13. The system of claim 10, wherein the at least one node comprises means for receiving a timing 
reference signal from a satellite and controlling the timing of signals transmitted from the node 
according thereto. 

14. A communication system comprising: 

a plurality of nodes, each for transmitting simultaneously with other nodes a signal unique to that 
node and representative of at least one non-overlapping sub-channel conveying information, each at 
least one information-conveying non-overlapping sub-channel for each node being different from 
each information-conveying non-overlapping sub-channel for all other nodes; 

a base station for simultaneously receiving the signals transmitted from each node and 
processing them to generate, for each information-conveying sub-channel, a signal representative of 
the information conveyed thereby; and 

power control means for controlling power of signals sent by the at least one node; 

wherein at least one of the nodes is for transmitting its signal using multiple sub-channels 
simultaneously. 

15. The system of claim 14, wherein: 

the base station comprises means for generating and transmitting a command signal to the at 
least one node based on the power of signals from the at least one node as received by the base 
station; and 

the power control means is disposed in the at least one node and is responsive to command 
signals from the base station transmitted to the at least one node. 

16. The system of claim 14, wherein the power control means includes means for sensing the power 
of signals from the base station received at the at least one node and controlling the power of signals 
transmitted from the at least one node responsive thereto. 

17. A communication system comprising: 

a base station for transmitting a signal representative of a plurality of non-overlapping sub- 
channels conveying information, a plurality of groups of sub-channels each corresponding to one of a 
plurality of nodes; 

wherein the nodes are for simultaneously receiving the signal transmitted by the base station and 
processing it to generate, for each information-conveying sub-channel corresponding to the node, a 
data stream representative of the information conveyed thereby; and 

sub-channels corresponding to a particular node are not adjacent and are spread out in frequency 
to avoid effects of narrow band interference and fading. 
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1 8. A communication system comprising: 

a base station for transmitting a signal representative of a plurality of non-overlapping sub- 
channels conveying information derived from data streams, a plurality of groups of sub-channels each 
corresponding to one of a plurality of nodes; 

wherein the nodes are for simultaneously receiving the signal transmitted by the base station and 
processing it to generate, for each information-conveying sub-channel corresponding to the node, a 
data stream representative of the information conveyed thereby, 

the base station is for using multiple sub-channels simultaneously to transmit to at least one of 
the nodes, and 

in the base station, data streams corresponding to sub-channels not used in any node are set to 
zero magnitude. 

19. A communication system comprising: 

a base station for transmitting a signal representative of a plurality of non-overlapping sub- 
channels conveying information, a plurality of groups of sub-channels each corresponding to one of a 
plurality of nodes; 

wherein the nodes are for simultaneously receiving the signal transmitted by the base station and 
processing it to generate, for each information-conveying sub-channel corresponding to the node, a 
data stream representative of the information conveyed thereby, 

the base station is for using multiple sub-channels simultaneously to transmit to at least one of 
the nodes, and 

the base station is for changing at least one sub-channel corresponding to a particular node over 

time. 

20. A communication system comprising: 

a base station for transmitting a signal representative of a plurality of non-overlapping sub- 
channels conveying information, a plurality of groups of sub-channels each corresponding to one of a 
plurality of nodes; 

wherein the nodes are for simultaneously receiving the signal transmitted by the base station and 
processing it to generate, for each information-conveying sub-channel corresponding to the node, a 
data stream representative of the information conveyed thereby; and 

the base station is for optimizing mapping between nodes and sub-channels for at least one of 
each node's required range and data bandwidth needs. 
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2 1 . The system of claim 20, wherein the base station is for optimizing mapping between nodes by 
increasing sub-channel allocation to a given node so that node can receive a less complex modulation 
signal that is more robust to noise and interference. 

22. The system of claim 20, wherein the base station is for allocating a larger fraction of its total 
transmit power to a given sub-channel set. 

23. A communication system comprising: 

a base station for transmitting a signal representative of a plurality of non-overlapping sub- 
channels conveying information, a plurality of groups of sub-channels each corresponding to one of a 
plurality of nodes; and 

frequency controlling means for controlling the frequencies of signals transmitted by the at least 
one node; 

wherein the nodes are for simultaneously receiving the signal transmitted by the base station and 
processing it to generate, for each information-conveying sub-channel corresponding to the node, a 
data stream representative of the information conveyed thereby. 

24. The system of claim 23, wherein: 

the base station comprises means for generating and transmitting a command signal to the at 
least one node based on the frequency of signals from the at least one node as received by the base 
station; and 

the frequency controlling means is disposed in the at least one node and is responsive to 
command signals from the base station transmitted to the at least one node. 

25. The system of claim 23, wherein the base station comprises means for receiving a frequency 
reference signal from a satellite and controlling the frequency of signals transmitted from the base 
station according thereto. 

26. A communication system comprising: 

a base station for transmitting a signal representative of a plurality of non-overlapping sub- 
channels conveying information, a plurality of groups of sub-channels each corresponding to one of a 
plurality of nodes; and 

timing control means for controlling timing of signals sent by at least one of the nodes; 

the base station is for using multiple sub-channels simultaneously to transmit to at least one of 
the nodes, and 
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the nodes are for simultaneously receiving the signal transmitted by the base station and 
processing it to generate, for each information-conveying sub-channel corresponding to the node, a 
data stream representative of the information conveyed thereby. 

27. The system of claim 26, wherein: 

the base station further comprises means for generating and transmitting a command signal to 
each node based on the timing of signals from the at least one node as received by the base station; 
and 

the timing control means is disposed in the at least one node and is responsive to command 
signals from the base station transmitted to the at least one node. 

28. The communication system of claim 26, wherein the base station further comprises means for 
receiving a timing reference signal from a satellite and controlling the timing of signals transmitted 
from the base station according thereto. 

29. A communication system comprising: 

a base station for transmitting a signal representative of a plurality of non-overlapping sub- 
channels conveying information, a plurality of groups of sub-channels each corresponding to one of a 
plurality of nodes; and 

power control means for controlling power of signals sent by each node; 

wherein the base station is for using multiple sub-channels simultaneously to transmit to at least 
one of the nodes, and 

the nodes are for simultaneously receiving the signal transmitted by the base station and 
processing it to generate, for each information-conveying sub-channel corresponding to the node, a 
data stream representative of the information conveyed thereby. 

30. The system of claim 29, wherein the power control means includes means for sensing the power 
of signals from the base station received at the at least one node and controlling the power of signals 
transmitted from the at least one node responsive thereto. 

3 1 . The system of claim 28, wherein: 

the base station comprises means for generating and transmitting a command signal to the at 
least one node based on the power of signals from the at least one node as received by the base 
station; and 

the power control means is disposed in the at least one node and is responsive to command 
signals from the base station transmitted to the at least one node. 
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32. A communication system comprising: 

a plurality of nodes, each for transmitting simultaneously with other nodes a signal unique to that 
signal's node and representative of at least one non-overlapping sub-channel conveying information, 
each at least one information-conveying non-overlapping sub-channel for each node being different 
from each information-conveying non-overlapping sub-channel for all other nodes; and 

a base station for simultaneously receiving the signals transmitted from each node and 
processing them to generate, for each information-conveying sub-channel, a signal representative of 
the information conveyed thereby; 

wherein the base station is for intelligently changing an assignment of nodes to sub-channels 
used by those nodes for optimal reception by the base station of the signals transmitted from each 
node. 

33. The communication system of claim 32, wherein the base station is for intelligently changing the 
assignment of nodes to channels with respect to reception factors dependent on each node's location. 

34. The communication system of claim 32, wherein the base station is for intelligently changing the 
assignment of nodes to channels to minimize at least one of fading and interference. 

35. A communication system comprising: 

a base station for transmitting a signal representative of a plurality of non-overlapping sub- 
channels conveying information, a plurality of groups of sub-channels each corresponding to one of a 
plurality of nodes; 

wherein the nodes are for simultaneously receiving the signal transmitted by the base station and 
processing it to generate, for each information-conveying sub-channel corresponding to the node, a 
data stream representative of the information conveyed thereby, 

the base station is for using multiple sub-channels simultaneously to transmit to at least one of 
the nodes, and 

the base station is for intelligently changing an assignment of nodes to sub-channels used by 
those nodes for optimal reception of transmitted signals. 

36. The communication system of claim 35, wherein the base station is for intelligently changing the 
assignment of nodes to channels with respect to reception factors dependent on each node's location. 

37. The communication system of claim 35, wherein the base station is for intelligently changing the 
assignment of nodes to channels to minimize at least one of fading and interference. 
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